In this study, we examined the physiochemical properties of nasoenteral feeding tubes made from two different types of polymer: silicone materials and polyurethane. The internal surfaces of the nasoenteral feeding tubes were analyzed for their hydrophobicity, roughness, microtopography, rupture-tension and ability to stretch. We also studied the adhesion of an isolated, multi-drug resistant strain of S. aureus to these polymers. The polyurethane nasoenteral tube, which was classified as hydrophilic, was more resistant to rupture-tension and stretching tests than the silicone tube, which was classified as hydrophobic.
INTRODUCTION
Staphylococcus aureus is a microorganism that is a common etiology of hospital infections (20, 24) . S. aureus primarily residues on the mucous membranes of the human nasopharynx, as well as on human and animal skin (15, 29) .
This microbe often causes persistent and chronic infections in humans that have catheters, prostheses or other similar devices, such as feeding tubes (3, 17, 25, 30, 35) . These devices are often composed of polymers that can potentially support bacterial colonization, which often occurs rapidly within the first 24 hours (17) . Bacterial colonization of the polymer is greatly influenced by the response of the host, such as localization of platelets, tissue proteins and plasma (12, 21) .
Microbial biofilms on medical devices are extremely difficult to treat because they are resistant to antimicrobials. For 490 Lima, J.C. et al.
Multi-drug resistant strain of S. aureus example, nasoenteral feeding tubes are a primary risk factor for the spread of microorganisms that are resistant to multiple drugs, such as methicillin-or vancomycin-resistant S. aureus (13, 20, 22, 23) . Antibiotic-resistant bacteria that have adhered to these devices can be transferred to other devices, causing the infection to spread rapidly among patients (23) . This mode of transfer is primarily via contact of the contaminated device with the hands of nurses, which emphasizes the need for hand washing and implementation of Good Practices to Control
Infections (3) . However, the physicochemical properties of the polymer surface can be chemically modified to regulate bacterial adhesion (10, 14, 34, 36) . Several biomaterials contain additives, such as plasticizers, stabilizers and organic polymers that improve the physicochemical properties and biocompatibility of the compound. However, these additives can be metabolized by microorganisms, thus supporting biofilm formation (28) ; therefore, the characteristics and composition of the polymer surface significantly influence bacterial adhesion and growth.
The objective of this study was to characterize the microtopography, hydrophobicity and resistance to biofilm formation of nasoenteral feeding tubes made of several different polymers. We simulated both open and closed feeding systems in the laboratory to study S. aureus adhesion and biofilm formation on nasoenteral tubes. 
MATERIALS AND METHODS

Physical
The Staphylococcus aureus strain
The S. aureus strain was isolated from the nasoenteral tube of an ICU patient in a hospital in Viçosa, Minas Gerais.
This strain was chosen because of its resistance to the antibiotics ciprofloxacin-CIP (5 µg) (DME The strain is susceptible to oxacillin-OXA (30 µg) (DME ® ) and imipenem-IMP (10 µg) (DME ® ) (7).
Adhesion by simulated use test
A feeding procedure was simulated in the laboratory to mimic hospital conditions of an open enteral feeding system, where the enteral feeding device requires manipulations prior to its administration. We also used a closed system where the processed food was sterile, was packed in hermetically sealed containers and did not have prior contact with the equipment.
The tube ends were connected to two different systems. At the end where the food was administered, the tubes were connected to metallic lids, which covered glasses that collected the food after its administration; at the other end the tubes were connected to a feeding system that contained flasks that stored of S. aureus, which is the concentration that was found in hospital food with previous analyses, was inoculated into the following food volumes: 100 ml of food on the first day, 150 ml on the second day and 200 ml on the third day. We performed these injections to simulate patient feeding in a hospital. The food was administered at 8 h, 11 h, 14 h, 17 h, 20
h and 23 h each day for three consecutive days, for a total of 72 h. This schedule was implemented to simulate enteral food administration to ICU in-patients for three days.
Administration was carried out for a maximum of 1.5 h and 50 ml of sterilized water was given at each feeding (26) . The food was prepared daily at noon, was stored in flasks that were refrigerated and was removed 1 h before administration to allow equilibration to room temperature. The feeding system was changed every day in the morning before food administration at 8 h. All of the material utilized was sterilized and the food, water and feeding systems were changed aseptically with a Bunsen burner. At the end of the third day, the feeding system was dismounted, and the nasoenteral tubes were fragmented for scanning electron microscopy (SEM)
analysis; the tubes were also examined to quantify the number of Staphylococcus cells that had adhered to the inside. Each 
RESULTS AND DISCUSSION
The nasoenteral tubes had different contact angles with water ( w ) at room temperature and thus had distinct hydrophobicities: the polyurethane tube was classified as hydrophilic ( w = 50.2 ± 0.61), while the silicone tube was classified as hydrophobic ( w = 74.6 ± 1.30).
The different contact angles of the tubes can be attributed to the molecular structure of each material. The silicone tube has a branched chain that mainly consists of carbon, oxygen, silicone and hydrogen, which make the polymer apolar. In contrast, the polyurethane consists of benzenic rings and NHCO 2 groups that confer polarity, which increases the surface interactions with water compared to silicone.
Hydrophobicity plays a fundamental role in surface adhesion and many methods are available to measure hydrophobicity. Typically, qualitative evaluation of surface hydrophobicity involves characterizing the hydrophobic or hydrophilic character of a surface by measuring the contact angle the surface with water (6) . Surfaces that are hydrophobic or less hydrophilic (e.g., the tube) generally have increased adhesion (e.g., S. aureus). Removal of water film from between the tube surface and microorganisms is much easier for hydrophobic surfaces (8, 9) . Thus, the polyurethane tube may be a better candidate because it is hydrophilic and may therefore have less bacterial adhesion.
Microtopography of the silicone tube showed that it had a mean roughness of 0.60 nm and was thus a smoother surface than the polyurethane tube, which had a roughness of 2.87 nm.
The maximum height between a peak and a valley also shows that the polyurethane tube surface (R t = 53.90 nm) is rougher than the silicone (R t = 5.63 nm). However, this information can not be analyzed separately because it can lead to a false interpretation of surface microtopography. 
